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THto of InvMtkMi 

PROCESS FOR THE SYNTHESIS OF PERFLU0R08ULPH0NAMIDES, OF 
PERFLUOROSUIPHONIMIDES AND OFTHBR SALTS. AND OF A SUIPHONYLATION REAISEMT 



PHOCZSS FOR TBS flmcHBSXa n» 

SCXiFHOSnjlTXON SSAOBIIT 

«^ of . perfluorosulphonuaaes. The Utter T 
Obtain., in t.eir s^,,. J;:r«.t Len! 

It more particularly relates to a 
i«; e,„T 1. ., ^gecea at the sulphonation of a 

ll Tt ""V'*^' ™IPh«.ide is prepared with t^ 
a«> of a sub,equ«,t sulphonation (in a second stage, in 
the same reactor, or staultaneously in situ) . 

Fluorinated sulphonindde derivatives are 
.ncreasxngly being developed for electrical appul 
t.ons and i. ^^oular for forMng batteries ^ o. 

power. The „ost fr«„ently used 
25 IITT. -iphoni^aes is the 

imde, an imida which is itself very acidic 

synthesis Of these sulphonlnldes has 

already been carried out Vmi- 

«,-. , , m«>loys processes which 

«re particularly problematic and difficult to use 

The inserted Application wo 97/23.448 describes 

"""^ P"=«>ed it 

(cf. .R.A-2,7a4,380,. uses perfluoroallcanesulphonyl 

thrK . "^"i'i^y °« "Wch is very specific «.d 

thereto »d thus expensive. , as well as exhaustive 
re«»val before discharge of the effluents. The very 
hxgh volatility and the operating conditions result, in 
the co^onest cases, in the operation being carried out 
"0 under relatively high pressures. To cap it all, the 
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sensitivity to water of perf luoroalkanesulphanyl 
fluorides seems, in the light of this dociament, 
particularly high. 

A few trials have been ceirried out on sulphonyl 
5 hal ides but have resulted in failures {for the problems 
relating to these syntheses, see Application 
WO 90/11,999, in particular page two, lines 30 to 35 
et passim). This is in particular the case with bistri- 
fluoromethylsulphonimide, which seems particularly 

10 difficult to prepare from trif luoromethanesulphonyl 
chloride. This is why one of the aims of the present 
invention is to provide a process which makes it 
possible to obtain f luorinated. imides of the above type 
by using heavy sulphonyl hal ides (that is to say, 

15 halides corresponding to a halogen with an atomic 
nxamber at least equal to that of chlorine) . 

It is preferable, for economic reasons, to use 
sulphonyl chlorides. "This aim and others which will 
become apparent stabs eguehtly are achieved by means of a 

20 synthetic process which cos^rises a stage in which a 
nucleophile, the nucleophilic atom of which is a 
nitrogen, is brought into contact with a reactant 
comprising, for successive or simultaneous addition: 

• a sulphonyl heavy halide ( that is to say , in which 
25 the atomic number of the halogen is at least equal to 

that of chlorine) , advantageously sulphonyl chloride; 
and 

• an organic base which . simultaneously caimot be 
alkylated and is liposoluble; 

30 and with the condition that, when the nitrogen, the 
nucleophilic atom of the substrate, does not carry a 
sulphonyl functional group for which the carbon 
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perf luorinated on the cairbon -parried by the sulphur. 
However, in all cases, the process is particularly 
advantageous when the organic part of the said 
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sulphonyl heavy halide is chosen so that it is 
perfluorinated on the carbon carried by the sulphur 

• Thus, the present invention provides a process 
for the synthesis of perf luorosulphonamides and of 
sulphoninddes - which exhibit . at least one. ' advant- 
ageously two; sulphonyl group(s> for which the carbon 
adjoining the sulphur is perfluorinated. 

The salts of these imides are prepared from 
these i^xdes in . a way known perse. The process 
according to the present invention can comprise a stage 
of preparation of these salts (as in the examples). 

The notion of organic base which simultaneously 
cannot be alkylated and is liposoluble is explained 
subsequently. 

^^^^ nitrogen of the nucleophilic func- 
tional group advantageously carries a hydrogen or a 
negative charge (anion) . 

It is preferable . for the said nitrogen of the 
nucleophilic functional group to carry two hydrogens 
(and even 3 in the specific case of ammonia or aqueous 
ammonia, which makes it possible to synthesize the 
preferred category of substrates, namely sulphamides, 
advantageously perfluorinated on the carbon adjoining 
the sulphur, preferably corresponding to the definition 
of Rf) or else to carry one hydrogen and one negative 
charge (anion) . 

In particular, the nucleophile can be a 
sulphonamide (sulphamide) , in particular in the form of 
a salt, advantageously of an organic base which cannot 
30 be alkylated. The process is suitable in particular 
even when the organic part of the said sulphonamide 
(sulphamide) is perfluorinated on the carbon carried by 
the sulphur. 

Conventional sulphamides (corresponding to non- 
perfluorinated sulphonic acids,, such as Ar-SOjH. with 
Ar representing an aryl, and RSO3H, with R representing 
an alkyl) do. not warrant being in the salt form; a salt 
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Which would furthermore be difficult to obtain with the 
preferred bases of the invention. 

The nucleophilic substrate thus exhibits, as 
nucleophilic functional group, a functional group 
5 advantageously chosen from sulphamides of sulphonic 
acidis in which the sulphur is bonded to an aryl or an 
aliphatic residue, including alibis, preferably to an 
aliphatic residue perfluorinated on the carbon 
adjoining the sulphur. Xn general, the carbon number of 

10 the nucleophilic siibstrate varies from 1 to 15 and even 
from 1 to 10* 

Thus, from the above and from the study which 
has led to the present invention, it is evident that 
the nucleophiles (in the neutral form or especially in 

15 the , anion foann) for which the problems, because they 
are difficult, are particularly well solved by the 
present invention are those for which the associated 
acid exhibits a pKa at most equal to approximately 7, 
advantageously to 6, preferably to 5. 

20 Ammonia constitutes a case apart and can, in 

the case of ammonia, result in an imide by two succes- 
sive in situ condensations. 

The condensation of the sulphonyl heavy halides 
targeted by the present invention with ammonia or 

25 aqueous ammonia can constitute a stage prior to the 
condensation of the amides. 

In the present description, the term *approxi- 
mately is employed to underline the fact that the 
values which follow it have been roionded off 

30 mathematically and in particular that when the figure 
or figures furthest to the right of a nxunber are zeros, 
these zeros are positional zeros and not significant 
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is advantageously chosen from hindered dialkylphos- 
phines, trialkylphosphines, phosphonium hydroxides, 
hindered dialkylamines , trialkylamihes or ammonium 
hydroxides. It is also possible to envisage phosphorus- 
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comprising and nitrogen-comprising rings exhibiting an 
appropriate basicity (see inf,.ai * , ^ ^ 

^>,« infra), for example nuclei of 

the pyrad«,e type, but, according to the present 

«ns^ - .T '"'"^^ heterocycles do not 

constitute the preferred bases. 

It is desirable for the said base which 
Simultaneously cannot be alkylated and is liposoluble 

10 " "^""^^^^ <^ialkylphosphines. triall^l- 

ao phosphxnes, phosphonium hydroxides, hindered dialkyl- 
ananes, trialkylamines or ammonium hydroxides. 

It is recommended that the said base whidh 
Simultaneously cannot be alkylated and is liposoluble 
should exhibit at least a significant (symbol -s- in 
15 the Handbook of Chemistry and Physics) solubility in 
benzene, advantageously a high (symbol 'v- in the 
Handbook of Chemistry and Physics) solubility in 
benzene. , 

^. " recommended that the substrate should 

20 exhibit at least a significant (symbol «s- in the 
Handbook of Chemistry and Physics) solubility in 
benzene, advantageously a high (symbol -v- in the 
Handbook of Chemistry and Physics) solubility in 
benzene . 

25 Likewise, according to the present invention. 

It is preferable to see to it that the nucleophilic 
substrate is in the form of a salt of an organic base 
which cannot be alkylated, this optional saline com- 
pound between the organic base and the said substrate 

30 (when it is acidic, as in the case of perfluorosulphon- 
amide) exhibiting at least a significant (symbol -s" in 
the Handbook of Chemistry and Physics) solubility in 
benzene, advantageously a high (symbol -v- in the 
Handbook of chemistry and Physics) solubility in 
35 benzene. \ 

in the preceding cases, it is, of course, 
particularly satisfactory for the solubility to be such 
that the benzene and the bases targeted above are 
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miscible in all proportions (symbol in the Handbook 
of Chemistry and Physics) • 

In choosing the base, it is advisable to 
observe basicity restrictions; thus, it is desirable 
5 for the pKa of the acid associated with the . said 
organic base (forming the optional salt with the 
nuclepphile) to be greater than or in the region of 
that of the said nuclecphile [for example sulphonamide 
(which in principle carries two hydrogens' on the 
10 nitrogen)] . 

Likewise, it is also desirable for the pK* of 
the acid associated with the said base which cannot be 
alkylated and is liposoluble to be equal to and 
preferably greater than that of the said sulphonamide. 

When they are not the same, it is desirable for 
the difference, between^ the pK^ values of the associated 
acids and that of the said nucleophile to be at least 
equal to 1, advantageoiusly to 2, preferably to 3. 

Although" this is not preferred, the bases can 
be mixtures of bases, provided that the mixture meets 
the restrictions and, even preference, specified 
hereinabove. 

It can be specified that, when the said 
nucleophile is sulphamide, for reasons of ease of 
handling, it is preferable for the said organic base 
which cannot be alkylated ahd the said base which 
simultaneously cannot be alkylated and is liposoluble 
to be identical. The reaction can be carried out 
without solvent, in particular when the organic bases 
30 are chosen from the preferred ones, that is to say 
Pcurticularly liposoluble and not very polar bases (for 
example and in particular, trialkylamines with a carbon 
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secondary or tertiary radical*^ advantageously two, or 
hindered dialkylamine) . 

As regards an advantageous implementation of 
the said stage, the operation of bringing into contact 



. xs carried out in an organic solvent, advantageously of 
low polarxty, preferably of low miscibility Jith watir 
(at most 10% by ^ss, advantageously at most 5% by 
mass, preferably at most 2% by mass) . 

The reaction temperature is advantageously at 
least e^i to the Hnishing meltirig point (apart from 

tTlt n T ^''^^'^ '""'^^ thydrohalide. Z 
the U^e , Of the reaction mixture and advantageously 
at most lOOoc (advantageously two significant figures 
preferably 3,, advantageously to a tenperature at 1; 
equal to approximately SQOC, preferably to 40^0 and 
advantageously at least equal to 0. Thus, the reaction 
ten5,erature is advantageously situated within the 
Closed range defined by the finishing melting point and 
lOOoc, preferably within the range Qoc and SQoc, more 
preferably within the ,range 0 and 40oc. Although the 
reactxon can be carried out undeif a different pressure 
xt xs easier to carry, it out at atmospheric pressure 
In this case, it^miy be opportune to choose solvents so 
that there is a possible reflux at a temperature chosen 
Within the above temperature ranges. 

In order to obtain good kinetics of reaction 
xt is recommended to carry out the said operation of 
bringing into contact in an organic solvent which is 
chosen so that, when the said nucleophile is sulphamide 
salt, the said salt is soluble therein, advantageously 
to a concentration level of at least 0.05M, preferably 
of at least 0.2M. 

To obtain the above solubilities, it is also 
50 possible to vary the said organic base which cannot be 
alkylated. It is also possible to vary the solvent and 
the organic base simultaneously. 

The bases employed in the present invention 
advantageously exhibit from 3 to approximately 
15 40 carbon atoms, preferably from 6. to approximately 
30 carbon atoms, more preferalaly from 8 to 25 carbon 
atoms. In particular, when the carbon number is low 
(that is to say less than 7), it is preferable for at 
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least one o£ the siibstituents o£ the basic atom to be 
at least secondary. These bases axe, for economic 
reasons, advantageously amines. 

The bases can also be polyfunctional bases (for 
5 exau^le, siibstituted ethyienediajnines and in particular 
tetramethylethylenediaimine) , in which case the abovie 
restriction must be reduced to the number of useful 
basic functional groups. 

The most useful solvents are solvents of rela- 

10 tively low polarity, of the chlorine solvent or 
aromatic solvent type, provided that, preferably, the 
said optional salt is sufficiently soluble therein. 

The said solvent of low polarity, which, it 
should be remembered, can be a mixture, is advant- 

15 ageously chosen from those for which the polarity (E't# 
expressed in kcal per mol) is at most equal to 40 
(advantageously two significeint figures) . 
However, for reason^ of industrial hygiene and of 
enviroiuaental protection [some are already banned] , 

20 non-aromatic chlorinated derivatives, in particular 
aliphatic chlorinated derivatives (such as methylene 
chloride or chloroform) or alkenic chlorinated deriva- 
tives (for example trichloroethylene) , are generally to 
be avoided as solvent- Furthermore, although giving 

25 good results, they do not constitute the family with 
the best performance (thus, the solubility in water of 
methylene chloride is of the order of 2* by volume, 
i.e. 2,6% by mass) . . 

Taking into account the above, the said solvent 

30 of low polarity is advantageously chosen from oxygens- 
comprising organic compounds (in particular ethers, 
esters, even ketones), hydrocarbons (including 



35 Preferably, the said \ solvent of low polarity 

can advantageously be chosen from siabstituted benzenes 
and ring-halogenated aromatic hydrocarbons. 



^""^^ ^ stoichiometry of the reaction is 

sulphonaaxde (sulpWde, . a tolerance of plus or ^n^s 
20% is entxrely acceptable and depends essentiallTon 
5 the respective cost, of the reactants. 

As regards the amount of the said base whirh 
cannot be alkylated" and is 

diir^n« t-v,^ ^ Z. liposoluble introduced 

during the reaction, it is at least equal to the'amount 
necessary to neutralize the hydrohalic acid given off. 

When the nitrogen of the substrate carries two 
^ogens (three in the very particular case 7f 
a^onxa which ^es it possible to synthesize. L 
particular xn situ, the preferred category of 
15 I'^T''''' ^^'y sulpha^ides, advantageously 

preferably corresponding to the definition of Rf • of 
course, in the case of an in situ synthesis, it is 

HZT'^'^ /° sulphonylation 
reaction of ammonia) and when .the nucleophile is not in 
the salt form, it can be advantageous to bring the 
amount of base(s) introduced during the reaction to a 
value at least equal to twice the amount necessary to 
neutralize the hydrohalic acid given off. 

in other words and more specifically, it is 
5 preferable for the sum of the bases (base of the 
substrate salt [see supra] and liposoluble organic base 
which cannot be alkylated) to be at least equal to the 
sum of the acidity given off in the form of hydrohalic 
acid and of the acidity of the sulphone compounds (in 
0 particular sulphonimides) being formed. 

Thus, taking into account the above, it is 
desirable for the total amount of base(s) to be at 
least equal to one times the amount stoichiometrically 
necessary to neutralize the hydrohalic acid given off 
advantageously at least equal, to the sum of the acidity 
gaven off in the form of hydrohalic acid and of the 
acidity of the sulphone compounds . (in particular 
sulphonimides); more specifically, it is recommended to 
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use an amount of base . ( expressed , of course « as 
equivalent) at least equal to the sum of the acidity of 
the sulphone coxnpounds and of one and a quarter times 
the amount stoichiometrically necessary to neutralize 

• 5 the hydrohalic acid givien off, advantageously . at least 
equal to the sum of one and a half* times the acidity 
given off in the form of hydrohalic acid and of the 
acidity of the sulphone compounds. 

It is also preferable to avoid an excessively 

10 large excess of base(s); this is why it is desirable 
for the sum of the bases (base of the sidDStrate salt 
[see supra] * and liposoltible organic base which camnot 
be alkylated) to exhibit an excess, with respect to the 
svm of the acidity given of f in the form of hydrohalic 

15 acid and of the acidity of the sulphone compounds being 
formed, &t most equal to 3 times ^ advantageously to two 
times , preferably to one times the amount of hydrohalic 
acid given off* , 

The process, with respect to the present* 

20 invention is particularly advantageous for the 
synthesis of compounds obtained from sulphonyl chloride 
in which the organic part is perf luorinated {that is to 
say, corresponds to CKz, see infra) on the carbon 
carried by the sulphur. 

25 The present invention is targeted in particular 

at the case where the organic part of the said 
sulphonyl chloride is the same as that of the said 
sulphonamide . • 

The present invent ipn is also targeted at the case 
30 where the organic part of the said sulphonyl chloride 
carries, at least treuisiently in the form of a reaction 
intermediate, the sulphonamide functional group, which 



35 person skilled in the art for; condensation reactions, 
cyclization or polycondensation takes place according 
to the n\imber of chain members separating the two 
functional groups and according to the dilution of the 
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reaction mixture (this veil Vn™„ 
recalled, inter alia S^ ll ^ Phenomenon ia 
WO -97/23448) . " application 

for ea^* i"'«>"<>n is particularly useful 

for ^rr^Lng condensation of. the present 

invention when the organic parts, which are aSi 
■ixffere^t. of the said sulphonyl chloride and of t^e 
«id sulphonamide are chosen from „dioals of .orr^l 

-(CXa)p-EWG 

where: 

' rfluo!r"^'' ""^'^^ "''^^ °^ Afferent, represea. 
a fluorxne or a radical of fonaula c„F,.,,, with « an 
integer at most, equal to 5, preferably to ,2; 

• P represents an integer at most equal to 2- 

• EWG represents an electron-withdrawing 'group, the 
possible functional groups of which are inert under 
the reaction conditi^ons, advantageously fluorine or a 
perfluorinated^ residue of formula C„F,«.,, with n an 
integer at most equal to 8. advantageously to 5. 
^ The total carbon number of Rf is advantageously 

between 1 and 15, preferably between 1 and 10. 

fnn.^• T "'^'''^ * sulphonyl heavy halide 

functional group, which makes it possible to prepare • 
in Situ, compounds carrying both the nucleophilic funcl 
tional group and the sulphonyl heavy halide functional 
group, compounds where the organic part of the said 
sulphonyl chloride carries the sulphonamide functional 
group. Which makes it possible to prepare cyclic 
30 products or polymeric products. 

AS was indicated above, the most advantageous 
compounds obtained from the imides synthesized 
according to the present invention are lithium 
derivatives, the said process advantageously 
35 con^rising, after an optional purification and/or 
isolation stage, a stage of^ treatment with lithium 
hydroxide or a basic lithium salt. 
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According to the present invention, the start- 
ing sulphonamides can advantageously be synthesized by 
the action of the same sixlphonyl halide as that used 
for the synthesis of the imide. This synthesis can be 
5 carried out in protic or aprotic polAr solvents, 
provided that they have no tendency to be alkylated. In ' 
particular, the reaction can be carried out in 
symmetrical ' or unsymmetrical, cyclic or non-cyclic 
ethers . 

10 Another aim of the present invention is to 

provide a reactant which is useful in the processes of 
the above type* 

This aim, and others which will become apparent 
subsequently, is achieved by means of a reactant which 

15 coxc^rises, for successive or simultanebus addition: 

• a sulpTicnyl heavy halide (that is to say, in which 
the atomic ntimber of the halogen is at least equal to 
that of chlorine) , advantageously sulphonyl chloride, 
and; 

20 « an organic base which simultetneously cannot be 
alkylated stnd is liposoluble; 

• advantageously a solvent of low polarity; 

and by the fact that the organic part of the said 
sulphonyl is perf luorinated on the carbon carried by 

25 the sulphur. 

Another aim of the present invention is to 
provide for the use of sulphonyl chloride « per- 
f luorinated on the. carbon carried by the sulphur, that 
is to say adjoining it, in the mono- and bissulphonyl- 

30 ation of ammonia, aqueous ammonia or axaide, including 
sulphamide, advantageously in the presence of an 
organic base which cannot be alkylated and is lipo-. 



35 at least one, preferably two, sulphone groups per- 
f luorinated on the aliphatic carbon (that is to say sp^ 
carbon) adjoining the sulphur. 
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One of the advantages of the use of .y, 
chloride is a low sensitivity to 

water. "... ^ reactions with 

5 i-K * , ^° ^^^'^^^ understand the" invention 

Rf-SOaCl + NxiH + B ^ t>* 

or Rf-SOjNu + BHCl 

Rf-S02Cl + NU" ^ /^i- 

10 • * . ^ * Rf-SOjNu 

10 and If, as is preferred, Nu is nu'h in r..^ , 

specif icallv ii' ^ *s NU H in nature (or, more 

pecifically, if the nucleophilic functional aro«r^ 
under consideration of Nu has i->.» . ""ccional group 
. ^ ^® structure -NH- fthat 

« to say, the structure mr or NH,]) 

15 N^ and m.- respectively represent the nucleophile in 
the neutral and anionic form. 

The most advantageous ;ubstrates are those where Nu is 
chosen from Ar-SO.-^-, i, particular R-so^-NH 
including and preferably Rf^so^-NH- ' 
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1» Preparation of i. rifluQi^>.v,,^^,rhnnnin1 11. i 



- reaction in anhydrous medium: 

15.3 g of trifluoromethanesulphonyl chloride 
solution in 103 g of anhydrous isopropyl ether, ar^ 
Charged to a reactor. The mixture, is cooled to 50c and 
ar.»on.a is slowly added over 2 h. After stirring for 
5 h at 50c, 24.8 g of water are added in order to 

Tcl2l^\ T "''^^"^^ subsequently 

acidxfxed by addition of 20.7 g of a 36% aqueous 
hydrochloric acid solution. 

After a further additipn of 13 g of water, the 
phases are separated. The aqueW phase is washed with 
50 g of isopropyl ether. The organic phases are com- 
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bined and the solvent is removed tinder reduced 
pressure. 

f 10.15 g of trifluoromethanesulphonamide as a 
white solid are thus obtained* 
5 Melting point (Koffler) = 119oc. 

reaction in aqueous medium: 

The reaction • is carried out analogously by 
using a 30% a.queous ammonia solution. 

10 Bacaapl^ 2: Preparation of lithium bistriflttorQaathyl** 
attlphoninide 

• 

1 1 of monochlorobenzene and 164.6 g of tri- 
fluoromethanesulphonamide, prepared according to the 

15 preceding example, are charged to a reactor. 224.6 g of 
triethy lamina are Isubseguently added to this suspen- 
sion- The solution obtained is cooled to 5®C. A 
solution of 187 g of trif luoromethanesulphonyl chloride 
in 191 g of monochlorobenzene is subsequently added 

20 over 40 rain at 0-5^C, 

The temperature is subsequently brought to 
28*=*C- After reacting for 4.h, the reaction mixt\ire is 
filtered. 

The filtrate is degassed by bubbling nitrogen 
25 and then washed with 436 g of water. The 2 lower 
organic phases are recovered and again washed with 
507 g of water. 

These organic phases are siibseqiiently treated 
with a solution of 46.7 g. of lithium hydroxide hydrate 
30 in 216 g of water. The mixture obtained contains two 
phases . 

The aqueous phase is recovered and extracted 



35 reduced pressure to result iii 206 g of crude lithiiam 
bistrif luoromethanesulphonimide in the form of a 
yellowish solid. 

Yd =60% 
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F NMR = -1.8 ppn,. 



in tbm 
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of diisopropylethylamine, 14 7 „ ^' ^^'^^ 

The treatment i, carried out a. '<„ 1 
preceding exanple and results in JO i \ 
bistrinucromeU^esulpHoni^'i' "sa^^. 'at " « ^^I" 
. t(20.4/303)/.0.079jx0.98 = 83%). ° 

S«"qpleB 11 to 13» Hoi, »^ ^-i^^„. 

To give a better demonstration of the role of 



i 
\ 
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Exanple 
No. 


Reactants 


Solvent 


Conditions 


Results 


4 


CP3SO2NH2 = 1,6 g. 
CF3SO2CI * 1 eq. 
NEtj « 2 eq. 


CHaCla. 


Addition CFsSOaCl 
at 0<»C 

Reaction 13 h at 
200c 


Conversion 
CF3SO2^3s80% 
Yield s 43% 


5 


CPjSOaNH, = 3.1 g 
CF5SO2CI = 1 eq* 
NEtj ^ 2 eq* 


CH2CI3 


Introduction 
CHaCla+CFjSOiNHa + 
1 eq. NEtj 
Addition 
CF3SO2CI at O^C 
Run in 1 eq. NEt3 
at QOC 

Reaction 3 h at 
20«C 


Conversion 
Cp3S02NHaa76% 
Yield a 31% 

• 


€ 


CF3SOJNH2 = 1.4 g 
CF3SO2CI = 1 eq. » 
NEt3 2 eqJ 


DIPE 


Addition CF3SO2CI 
at O^c 

Reaction 3 h* at 

200c 


Conversion 
CF3SO2NH3==80% 
Yield « 33% 


7 


CFsSOaNHa = 1 g 
CFaSOaCl =5 1 eq. 
NEtj = 2 eq. 


KCB 


Addition CPaSOaCl 
at p*»C 

Reaction 13 h at 
200c 


Queuitita- 
tively 
determined 
yield =67% 


8 


CF3SO2NH2 * 1 . 85 g 
CFaSOjCl = 1 eq. 
Pyridine = 2 eq» 


CHaCla 


Addition CPiSO-*Cl 
at 0<^C 

Reaction 7 h at 
30*>C 

Autogenous pres- 
sure 


Conversion 
CF3S02NH2=35% 
Yield = 24% 


9 


CP3SO2NH2 = 1 - 62 g 
CP3SO2CI - 1,1 


DIPE 


Addition CF3S0aCl 
at 0«C 


Conversion 
CF3SO2NH2=30% 



Autogenous pres- 
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No. 



10 



11 



12 



13 



DIPE: 

MCB: 

DIPEA: 



Reactants 

CFaSOjNHj =1.02 g 
CPjSQjCl « 1.1 
eq. 

Pyridine = 2 eg. 



CPjSOjNH, = 1.91 g 
CP,SO,ci. = 1.1 
eq. 

DIPEA a 2 eo 
CFjSOaNaa « 1.28 g 
CPsSOaXTl = ■i-.2 
eq. 

DIPEA = 2 ei 

CFjSOjNHj ="1.2 g 
CF3SO2CI a 1.2 
eq. 

DIPEA a 2 eer. 



Solvent 



MCB 



Conditions 



CHjCIj 



DIPEA 



MCB 



Addition O'jSOsCi 
at 0<»c 

Reaction 7 h at. 
30<>C 

Autogenous pres- 
sure 

Addition CPjSOjCl 

at ooc 

Reaction 7 h at 

Addition CPjSC^Cl 
at 0«»c 

Reaction 8 h at 
200c 

Addition CFaSOjCl 
at floc 

Reaction 8 h at 
2G«C 



Results 

Conversion 

CP,SOaNHa=63% 
Yield 4« 



Conversion 
CF3SO^KHa'«92% 
Yield 3 85% 



Conversion 
CF3SOjNHa>91% 
Yield = 90% 



Conversion 
CF,S03NH2>98% 
Yield = 97% 



diisopropyl ether 
sionochlorobenzene 
diisopropylethylamine 



* The analyses of the various test, ^re carried out Jby 
fluorine mm spectroscopy with interrml standard. 



\ 
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1 • (Perf luoro) sulphonylation process , 

characterized in that- it coraprises a stage in which a 
nucleophile, . the nucleophilic . atom of which is a 
nitrogen, is brought into contact with a reactant 
comprising, for successive or simultaneous addition: 

• a sulphonyl heavy halide, advantageously sulphonyl 
chloride / and; 

• an organic base which simultaneously cannot be 
alkylated and is liposoluble; 

and with the condition that, when- the nitrogen, the 
nucleophilic atom of the substrate, does not already 
carry a sulphonyl functional group, for which the carbon 
adjoining the sulphur is perf luorina ted, the organic 
part o*f the said ^ sulphonyl heavy halide is 
perf luorinated on the carbon carried by the sulphur* 

2. Process acc9rding to claim I, characterized 
in that the said^nucleophile, in the neutral or anionic 
form, has, as associated acid, an acid for which the 
pKa is at most equal to approximately 7, advantageously 
to 6, preferably to 5. 

3, Process according to claims 1 and 2, 
characterized in that the said nitrogen of the said 
nucleophile is connected to an electron- withdrawing 
group, advantageously a sulphonyl group; advantageously 
the said nucleophile is chosen from sulphamides of 
sulphonic acids in which the sulphur is bonded to cm 
aryl or from sulphamides of sulphonic acids in which 
the sulphur is . bonded to an aliphatic residue, 
including alibis, preferably from sulphamides of 
sulphonic acids in which the isulphur is bonded to an 



35 4. 



Process according \ to claims 1 



to 3, 



characterized in that the said nucleophile is a salt of 
sulphonamide (sulphamide) and of an organic base which 
cannot be alkylated. 
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5. 



salt Witt the aald organic base wW.h 

anmonium bydroxldes. ™"ies, trialkylamnas or 

Process according to clatas i ^„ , 
characterized la that the s k ' 

si^it^ieously camct be altelLd " ^ • 
" 13 Chosen .ro„ ^^IT- t^Z.^'T" 
triai^I>hosphlnes.-.phosphoniu„ hydrtLd« M^'^l 
dxaiHyXa^.3, triaii^ianinas or aJlm J'^dro.lS^^'' 

characterir^L Tr^th" """^ ^ 

H««Jh„„v . siOTlfieant (syi«bol ^s- In the 

Handbook of Chanlstry and P^ios, solubili,^ ll 

ben«ne. advantageously a high <sy^i .^^ i^ the 

Handbook of rVi^mA^^ , ^ t"© 

25 benzene ^''^ solubility i„ 



Process according to claims 1 to 8 

it::Ttri^ ^^^^ ^^^-^^ ^ase e^^ibts ; 

^ast a sxgnxfxcant (synO^ol "s- in the Handbook of 
Chemzatry and Physics) solubility i„ V 
30 -antageou^^^^^ a high <sy^l- ... ^^^.^ h^^^^^^ 
Chemxstry and Physics) solubility in benzene 

10. Process according to claiins l to 9 
characterized in that the t>K. of 

with i-v,^ = ^^^=1 associated 

with the said organic base is greater t-h.r. ^ 

* ^, a*eacer than or eoual to 

35 that of the said sulphonamide . 1 

11. Process according "^to claims l to 10 
characterized in that the pK. of th« -.-^ co lo, 
with fhc. o w ® associated 
with the said base which cannot be alkylated and is 
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liposoluble is greater than or equal to that of the 
said sulphonaxaide. 

12* Process according to claims i to 11, 

characterized in that, when the said nucleophile is a 
5 salt of sulphonamiiae (sulphamide) and of an organic 
base which cannot be alkylated, the said organic base 
which cannot be alkylated and the said base which 
siaultaneously cannot be alkylated and is liposoluble 
are identical. 

10 13, Process according to claims 1 to 12, 

characterized in that the said operation of bringing 
into contact is carried out in an organic solvent, 
advantageously of low polarity, preferably of low 
miscibility with water, (at most 10%' by mass, 

15 advantageously . at most S%. by mass, preferably at most 
2% by mass) ' , 

14^ Process according to claims 1 to 13, 

characterized in that* the said operation of bringing 
into contact is carried out in an organic solvent which 
20 is chosen so that the said salt is soluble therein, 
advantageously to a concentration level of at least 
0.05M, preferably of at least 0,2M. 

15. Process according to claims 1 to 14, 
characterized in that the amount of the said base which 

25 cannot be alkylated and is liposoluble introduced 
during the reaction is at lecist equal to the amount 
necessary to neutralize the hydrohalic acid given off. 

16. . -Process according to claiitis 1 to 15, 
characterized in that the organic part of the said 

30 sulphonyl chloride is perfluorinated on the carbon 
carried by the sulphur. 

17. Process according to claims 1 to 16, 



35 sulphonamide . 

18. Process according to claims 1 to 17, 

characterized in that the organic parts, which are 

alike or different, of the said sulphonyl chloride and 
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of the said sulphonamide are chosen ^ 
formula (Rf ) : chosen from radicals x>£ 

Where: 

• P represents an inteoer «^ . ^o 2, 

" .EWa represent, l^eTectoTwi^"' 

possible functional ^ T ""^ 

t.e reaction conaitil:T*,l:it,t" wIL"^" 

sr:rrt""r " -L" :irn".: 

lii ™. ' "° '"Jvantageouslv to s 

15 The total carbon nunber of Hf * '*°»=ly to 5. 

i ST,^ ic « a<Jvantageously between 

1 and 15-, preferably btstween 1 and 10 oetween 

cLacteriL°rtjrtr^:%" "^'"^^ ^ - 

nucleopbilic at^ iL ^ '""^^^ " ""i.^" 

=0 -ipbona^ae ,s„lp^L,^nrrror:L \ °^ 
cannot be alkylated ^ in 17 -^^ 

co-^ises, after an optional pur«!ca"» 'ZT 
isolation stage, a at^fr^ * " ^"''^'^^^^tion and/or 

hyaro^ide or a'blsit ur^l^r^^' 

:iess .rr^^rtrcTaU^l't'orT'""" °' ""^ 
it co,^rises for <=h««cterized in 

addition: -»=ces..ive or sinultaneous 

• a sulphonyl heavy halide (thah ^ 

^t""- Of tbe j;^: z ;rt: 

Of Chlorine,, advantageously sulphonyl ch^ride 

'"^13"%'"".**"^'' '■^'<««usly cannot be 
aiJcylated and is liposoluble; 

• a solvent of low polarity; 

and in that the organic part of the said sulphonyl is 
Perfluorinated on the carbon carried by the sulphuT 



25 20. 
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21. Reactant according to claim 20, characterized 
in that the said solvent, including mixture of 
solvents, of low polarity is chosen from those 
exhibiting a low soliability in water and not esdiibiting 

5 a chlorinated aliphatic chain. . . • 

22. Reactant according to/ ' claims 20 and . 21, 
characterized in that the said solvent of low polarity 
is chosen from those for which the polarity (E%. 
expressed in kcal per mol) is at most equal to 40 

10 (advantageously two significant figures) . 

23. Reactant according to claims 20 to 22, 
characterized in that the said solvent of low polarity 
is chosen fromi oxygen-containing organic coit5>ounds (in 
particular ethers, esters, even ketones), hydrocarbons 

IS (including peitroleim fractions) or ring-halogenated 
aromatic hydrocarbons., 

24. Reactant according to claims 20 to 23, 
characterized in thati the said solvent of low polarity 
is chosen, from substituted benzenes and ring- 

20 halcgenated aromatic hydrocarbons , 
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